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TEPMOCTABIJIBOBAHE IIOICPHTTfl JSJW CTBOPEHHfl 
TEnJIOBOrO BAP'€Py TA CnOCIB HOrO 0£EP5KAHHfl 

3AJIBA CTOCOBHO flOCJII#>KEHI> P03POEKH, L1JO OTPHMYBAJIH 

OE^EPAJIEHY nmTPHMKY 

[0001] OnHcaHHH Tyr bhhzxw 6yB 3po6jieHHH b xofli bhkoh^hhji hm 3a KOHTpaicroM a6o 
cy6zioroBopoM b fioro paMKax (hh rpaHTOM) 3 MiHicrepcTBOM BiHCbKOBo-MOpcbKHx chji. 

IlEPE^yMOBH CTBOPEHRH BHHAXO^Y 

[0002] flaHHH BHHaxia crocyeTbCH Teruioi30JwaiHHHX noKpHrriB una KOMnoHCHTiB, siki 
3a3HaK>Tb w'i bhcokhx TeMnepaTyp, tbkhx xk arpecHBHe TennoBe cepeflOBHme ra30Typ6iHHoro 
ZCBHryHa. BLm>iii KOHKpeTHo , aaHHH bhhsxxjx CTOcyerbca cnoco6y CTa6ijii3aiui MiKpocrpyKTypH 
noKpHTTH juvi CTBopeHH* TeiuioBoro 6ap'epy (EITB) iutdixom cniBOcaaaceHH* eJieMeHTapHoro 
Kap6oHy njix CTBopeHiw flOflaiKOBOi TOHKOOTcnepcHoi cra6uibHoT nopHCTOCTi y nTE, mo 
npHBOOTTS jxo hhechoi TeiuionpOBizmocri Ta 6ujbuioi criHKOCTi j\o noripuieHH* i30JiaaiiiHHx 
BJiacTHBOCTCH ilia *rac nepeBHiueHiw po3paxyHKOBoro TeMnepaTypHoro peacHMy. 

[0003] IcHye nocriiiHe nparaeHHa no nujBHmeHH* po6oHOi TeMnepaTypH ra3<yryp6iHHHx 
OTHryHiB 3 Meroio niflBHujeHH* Ix e^eKTHBHOCTi. O^HaK 3 n izu* Huue hhhm po6ohhx TeMnepaTyp 
Mae BimiOBizmo 3pocTaTH BHcoKOTeMnepaiypHa criifKicTb KOMnoHeHTiB, *Ki 3HaxoflHTbc* Ha 
uuwxy rapHHHx rais y flBHrym. IcTorae nojiinmeHH* BHCOKOTeMnepaTypHHx xapaKTepHCTHK 
6yjio flocarHyro 3aBfl*KH CTBopeHHio Ha^Mimmx cimaBiB (cynepcnjiaBiB) Ha ocHOBi HiKejiio Ta 
Ko6ajii>Ty. IlpOTe, npa BHKopHcraHHi jum BHTOTOBjieHH* KOMnoHeHTiB Typ6iHH ceictuH KaMepH 
3ropHHH^ Ta 4>opcaacHOi KaMepH ra30Typ6iHHoro OTHryHa jiHuie TaKi cnjiaBH nacTO e 
cnpHifHaTJiHBHMH jxo nouiKCWKeHH* BHacjiiaoK OKCHaaun Ta BicoKOTeMnepaTypHoi Kopo3ii, i TOMy 
He MoaeyTb 36epiraTH flocrraTHi MexaHinHi BJiacTHBocTi. 3 uiei npHHHHH TaKi KOMnoHeHTH Macro 
3axHmaK>Tb 3a aonoMoroio chctcmh noicpHTTH aji* CTBopeHHH TenjioBoro 6ap'fpy (I1TB). 
Chctcmh ITTE ranoBo BKJHonaioTb cno/iyHHHH map juin 3axHCTy q\jx cepcaoBwma Ta 
Teruioi30JiHuiHHe KepaMiqHe noKpHTTH, HKe 3BHnaHHO Ha3HBaiOTb nTE. MaTepiajiH cno/iynHoro 

flOKpHTTH, HKi HIHpOKO BHKOpHCTOByiOTbCH B CHCTeMaX I1TE, BKJIIOHaiOTb CTiflKl flO OKCH£auil 
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30B H iuiHi noKpHTTH, Ta K i hk MCrAIX (ae M no3Hanae 4>epyM, Ko6ajii>T Ta/a6o HiKon, a X nosHanae 

ITpiH HH iHUIHH piflKiCH03eMeJIbHHH eJieMCHT) Ta CTlHKi flO OKCHJ^aniY JXH(})y3iHHi nOKpHTTfl, TaKl HK 

OT(|)y3iHHi amoMiHiflH, *Ki MicTOTb HiKOJi-ajiiOMiHieBi (NiAl) iHTepMerajiiHHi cnojiyKH. 

[0004] KepaMiHHi MaTepianH i, 30KpeMa, 6iHapHHH okcha unpKOHiio, CTa6i;ii30BaHHH 

OKCH^OM iTpiK) (YSZ), IIIHpOKO BHKOpHCTOByiOTfcC* 5IK MaTepiaJIH nTB BHaCJI^OK IX BHCOKOl 
TenJIO€MHOCTi, HH3BK01 TenJIOnpOBiOHOCTi Ta BUmOCHO'i 3pyHHOCTi HaHeceHHH MCTO^aMH 

ruia3MOBoro HannjieHH*, ra3onojiyMeHeBoro HanHJieHH* Ta KOH^eHcauiY 3 napoBoY 4>a3H (PVD). y 
npouecax njia3MOBoro HanHJiemui MaTepian noKpHTTH Mae 3BH*iaHHO <J)opMy nopouiKy, hkhh 
posnjiaBJWCTtcH ruia3MOio Ha bhxo,zu 3 po3iuuiiOBaHa. B pesyjibTaTi HaHeceHe ruia3MOBHM 
HanHJieHHHM nTB, mo CKJiaaaerbc* 3 nocjiiaoBHo HaHeceHHx po3njiaBJieHHx "jdhiok" i Mae 
MiKpoerpyKTypy, *Ka xapaKTepH3yeTBCH po3ruiK>CHyTHMH 3epHaMH HenpaBHjibHoY 4>opMH 3 
neBHHM cryneHeM Heo^HopumocTi Ta nopHCTOcri. IITB, mo BHKOpHCTOByiOTbCH Ha xvviHKax 
HafiBHmoY TeMnepaTypH ra30Typ6iHHHX aBHiymB, nacro HaHoc*Tb mcto^om ejieicrpoHHo- 
npoMeHeBoi KoimeHcauii 3 napoBoi 4>a3H (EBPVD), *khh me CTOBnnacTy, criftKy so HanpjoKeHH* 
3epHOBy cTpyiaypy, 3aaTHy po3uiHpioBaTHCb Ta CTHdeyBaracb 6e3 bhhhkhchh* yuiKOAaeyioHHx 
Hanpj^ceHb, mo npH3BoaaTb ao p03TpicKyBaHna. AHaaorinHi CTOBnHacri MiKpocrpyKiypH MoncyTb 
6yTH oflepacam 3 BHKOpHCTaHHHM iHiirax aTOMHHX Ta MOJieKyimpHHx npouecis y napoBifi (J>a3i, 

TaKHX HK p03nHJIK)BaHHH (HanpHKJiatf, IIpH BHCOKOMy mi HH3bKOMy THCKy, 3i CTaHflapTHHM HH 

KOJiiivtpBaHHM 4>aKejioM), ioHHO-mia3MOBe ocaaaceHHa, Ta yci 4>opMH npoueciB HaHeceHH* 3 
po3njiaBjieHHHM Ta ocaaaeeHHKM 3 napoBoY 4>a3H (HanpHKJiaa, KaTOzma ^yra, jmepHe 
po3iuiaBJieHHH i T.n.). 

[0005] Rim Toro, mo6 ITTB 3ajiHmajioca c^ckthbhhm npoTHroM 3aruiaHOBaHoro 
>KHTTeBoro uHKJiy KOMnoHeHTa, hkhh boho 3axnmae, BaaoiHBo, mo6 IITB Majio Ta 36epirajio 
HH3bKy TeiuionpoBizmicTb Ha nporxii >khtt* KOMnoHeHTa, BKjiiOHaiOHH nepio^H nepeBHmeHH* 
po3paxyHKOBoro TeMnepaTypHoro pexcHMy. QzmaK bwmo, mo TeiuionpoBuuricTb MaTepiajiiB 
IITB, TaKHX hk YSZ, niaBHmyerbCfl 3 nacoM nia biijihbom po6onoro cepeaoBHiua ra30Typ6iHHoro 
zmnryHa. B pe3yjibTaTi IITB nsix KOMnoHeHTiB ra30Typ6iHHoro ^BHryHa nacTO HaHoorrb 3 
6ijibiuoio TOBmHHoio, Hiac ue 6yjio 6 noTpiSHHM b iHuiOMy snnajucy. 3a ihuihm BapiaHTOM 
KOMnoHeHTH 3 BHyrpiiiiHiM oxojio^eHH^M, TaKi xk JionaTi Ta comia, noBHHHi 6yTH po3paxoBam 
Ha 6ijibiiiHH noTiK oxoiioaacyBaqa. OGH^Ba ui ptmcHHH e He6aacaHHMH 3 npHHMH, noB'jnaHHx 3 
BHTpaTaMH, TepMiHOM hchtth KOMnoHeHTa Ta e(J)eKTHBHicTio ABHryHa. B pe3yjibTaTi, hk MOHCHa 
3po3yMira, 6a^caHO no^ajibiui yaocKOHaneHH* b TexHOJioriY nTB, 30KpeMa, TOMy, mo nTB 
BHKopHCTOByioTbCH jum Teruioi30JiHuiY KOMnoHeHTiB, npH3HaneHHx jijix ^BwryHiB 6ijibiu 
BH6ar;iHBoY KOHCtpyKuiY. 



3 

[0006] IlaTeHT CUJA JSfe 5906895 Ha iM'a Hamada et aL p03KpHBa€ cnoci6 mriGyBaHH* 
noripiueHHH TeruiOBHX BJiacraBocreH I1TB ultwxom npnrHiHeHH* MexajmMy peaKixifmoro 
cniKaHHH, mo, hk CTBepiPKyerbca, Bifl6yBaeTbCH b FITE npn bhcokhx TeMnepaTypax. y Hamada et 
al. roBopHTbCH npo Te, mo ao IITE 3 YSZ, HaHeceHoro mcto^om njia3MOBoro nannjieHH*, 
BBO^HTbCH BHCOKOTeMnepaTypHa cnojiyica (Tana *k Kap6ifl, HiTpHfl hh ihuihm 
BHCOKOTCMnepaTypHHH MaTepiaji). y Bi/uiOBizmocTi jxo rphox mctojo^hk nna3MOBoro HannjieHH*, 
onncaHHx Hamada et aL, BHCOKOTeMnepaTypHa cnoJiyKa, neBHo, Mae (})opMy Jianoic, po3no^ijieHHx 
ycepeOTHi I1TB y pe3yni>TaTi npouecy njia3MOBoro HanHJieHHH. 3ri,zmo 3 neTBepToio mcto^hkok), 
onHcaHOK) Hamada et aL, mia3MOBo-HanHJieHHH I1TB npoconyioTS ra3ono^i6HHMH bhxIohhmh 
MaTepiajiaMH jyvi OflepacaHiw BHcoKOTeMneparypHOi cnonyKH, 5nci, neBHO, yTBopioiOTb noKpHrra 
3i cnoJiyKH Ha m dkjduiko bh x Mercax nopHCToro FITE. nicji* TaKoi o6po6KH 3ajiHuiKH 
ra3ono,ai6HHX bhxujhhx MaTepiajiiB npHpo/mo BHxo^HTb 3 11TB no thx caMHx npoxo;xax, no kkhx 
ra3 npoHHKaB ro FITE. B Ko>KHOMy cnoco6i, *k CTBepaaeyeTbCH, BHCOKOTeMnepaTypHa cnoJiyKa 
npnrHiqye peaKixiihie cniKaHH* ITTB 3 YSZ 3a KKHMOCb MexaHi3MOM, mo He po3'*CHK>€Tbcs. 

[0007] y nepeycTyimeHift Ha KOpHCTb rpoMaacbKOcri naTeHTHin 3aaBiu CUIA N° [JVb 
cnpaBH noBipeHoro 13DV13322] Ha iM'a Rigney et al. nioBHiueHa TepMOCTa6ijibHicTb ITTB 
AOcaraeTbca uijmxom mri6yBaHHa pocry 3epeH (yKpynHeHH*), cnucaHH* Ta nepepo3no;xijiy nip 3a 
po3MipoM (3JIHTTH hh yKpynHeHiui MajiHx nip 3 yTBOpeHH^iM 6ijibuiHX 3a po3MipoM nip) npH 
nepeBHmeHHi po3paxyHKOBoro TeMnepaTypHoro peacHMy. 3rizmo 3 Rigney et aL, onip 
Teiuionepeflani Kpi3b IITB BH3HaHacn>cfl HacmcoBO KuibKicno MiicpocTpyKTypHHX ae4)eicriB y 
3epHax nTB. Rigney et aL crsepiPKyiOTb, mo Taici ae4>eKTH MOHcyrb 6yTH CTBopem ihjihxom 
npoBezieHHH iH^yKOBaHHX cmiaaoM KOMno3Hi|ii' peaKuift yTBopeHH* ;je4>eKTiB Ta npoqec- 
iHityKOBaHOi nopHCTocri, npHHOMy nepuii BKJnonaiOTb BaKaHciY, cnpHHHHem Heo6xi;micTK> 
36epe^ceHH« 3ap*aoBoi HeirrpajibHOCTi b ioHHHx TBep;mx penoBHHax, hk y BHna^cy YSZ, jxe 
3aMimeHHH OKCH^y impKOHiio (Zr0 2 ) Ha okcha hpiio (Y 2 0 3 ) y peuihrji cTBopioe BaKaHciio. 3 
iHmoro 6oKy, npouec-mayKOBaHa nopHcrricTb Bfunonae nopoyTBopeHHH, *Ke Bin6yBaen>cfl nia nac 
HaHeceHHH noKpHTTH, kojih KOMnoHeHT noBepTaioTb Bi^HOCHo .OHcepejia HaHeceHHfl. 
HannpocTiuiHM npniuiaaoM € B3a€MOfliH napiB 3 noBepxHeio 3a Mexam3MaMH "cxia-3axuj cohua" , 
mo cnocTepiraiOTbCH npH o6epTaHHi KOMnoHeHTy nw nac HaHeceHHH FITB 3 napoBoi XMapH, 
TaKoro hk HaHeceHHH MdOiiOM PVD, pe3yjibTaTOM hkoto e TeKcrypoBaHHH picT noKpHTTfl, b 
HKOMy Bw6yBaeTbc>i yTBopeHH* nip Mi>K CTOBnHHKaMH, y CTOBnnHKax Ta mdk btophhhhmh 
rijiKaMH pocry, mo 3HaxoAHTbcn b CTOBnnHKax. 



[0008] Rigney et al. onncyioTb Memamcy, HKa ao3bojih€ 36epirrH y FITE npouec- 
iH^yKOBaHy nopHcricTb uuwxom BBe;jeHHH jxo - MiicpocrpyKTypH nTB BHCOKO/uicnepcHHx 
Api6HOKpHcrrajiiHHHX penoBHH. KoHKpeTHiuie, Rigney et al. CTBep/picyFOTb, mo o6Me>KeHa KijibKicTb 
BHCOKO/mcnepcHoro Kap6i,OHoro Ta/a6o HiTpnumoro ^pi6HOKpHcraniHHoro MaTepiajiy, yTBopeHoro 
Ha Micuax Ae^eKTiB, nip Ta MbraepeHHHX mok MiKpocTpyicrypH FITE, A03BOJi*e 3a<})iKcyBaTH 
Mi^c3epeHHi Mead 11TB Ta iHri6yBa*™ cniicaHHfl, yicpynHeHHa 3epeH Ta nepepo3no,ai;i nip 3a 
p03MipoM npn nepeBHmeHHHx po3paxyHKOBoro TeMnepaiypHoro pe^cHMy, pe3yjibTaTOM noro e 
cTa6Lni3auia MiKpocTpyicrypH i, oT>Ke, TenjionpoBumocri FITE. Rigney et al. CTBep^cyiOTb, mo 
npHflarai MeTOAHKH Kap6i,zjyBaHHJi/ Hnpi-myBaHRH BianoqafOTb HaHeceHH* 11TB 3 BHKopHCTaHRHM 
Merojiy KoiiaeHcaun 3 napOBOi 4>a3H b aTMoccfcepi, *Ka Micnrrb napn, ra3H hh cnoJiyKH Kap6oHy 
Ta/a6o HiTporeHy, Ta/a6o TepMOo6po6Ky y npHcyraocTi ra3y, mo MicTHTb Kap6oH Ta/a6o HiTporeH 
y BHrjDmi ra3iB hh cnojiyic. Ha BuiMmy six Hamada et al., jjjvi ^iKcauiY MboepeHHHx mok I1TB 
Kap6izmi/HiTpiwci api6HOKpHCTajiiqHi penoBHHH noBHHHi Ma™ annum .zxyace BHCOKo/mcnepcHHx 
^pi6HOKpHcrajiiHHHx MaTepianiB. 

[0009] Xoh BBe^eHHH Kap6i£HHx/mTpHOTHX ocaais 3a Rigney et al. ,ao3BOJi*e oaepacaTH 
I1TB 3 6ijibui cra6LnbHHMH MiKpocTpyicrypaMH, 6yjiH 6 6aacaHHMH no/ianbuii yaocKOHaneHH* 
MiKpocTpyicrypH IITB Ta npouecis ix oflepacaHiw 3 Meroio nojiinineHHa TepM0CTa6uibH0CTi, mo 

fl03BOJIHTb BHKOpHCTOByBaTH TOHUli IITB Ta/a6o, HKmO lie MOHCJIHBO, HHHCHi BHTpaTH 

oxojioOTcyBajibHoro noBhpa, thm caMHM 3MeHiiiyK)HH TexHOJiorinm BHTpaTH Ta BapTicTb 
MaTepianiB i 36uibuiyK>HH TpHBajiicrb aorrra KOMnoHeHTiB Ta e^eKTHBHicTb OTHryHa. 

CTHCJIHH OnHC BHHAXO#Y 

[0010] £aHHH BHHaxia 3arajioM nponoHye noicpHTT* juix cTBopeHHH TeruiOBoro 6ap'epy 
(IITB) Ta cnoci6 (JjopMysaHH* noKpHTTH Ha KOMnoHeHTi, npH3HaneHOMy jjjm BHKopHCTaHH* b 
arpecHBHOMy cepeaoBHiui, TaKOMy hk BHroTOBJiem 3 HaaMiimnx cmiaBiB komhohchth Typ6iHH, 
KaMepH 3ropHHHH Ta 4>opca>KHoi KaMepH ra30Typ6iHHoro ^HiyHa. Cnoci6 3a uhm BHHaxoaoM, 
30KpeMa, CTOcyerbCH ojxGpyKZMHfi 6isihui cra6ijii30BaHoY MiKpocTpyKTypM 11TB iujwxom 
iHri6yBaHM pocry 3epeH, cniKaHHa Ta yicpynHeHH* hh 3Jihtt* nip y IITB npoTaroM nepiozuB 
nepeBHmeHH^ po3paxyHKOBoro TeMnepaTypHoro peacHMy. lloJiiniiieHHa, aid 3a6e3nenye uefi 
BHHaxm, € oco6jihbo oneBHAHHMH M* IITB, mo MaiOTb CTOBnnacTy CTpyicrypy 3epeH, TaKHx *k 
HaHecem MeroflOM EBPVD Ta ihiuhmh PVD-MeroAHKaMH, xoh BHHaxia mohoihbo 3acTocoByBaTH 
TaKO^c win nTB, HaHecennx tskhmh MeroflaMH, hk njia3MOBe HannjieHH*. 
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[0011] BHHaxia aarajiOM CTOcyerbc* IITE, MiKpocTpyicrypa hkoto MicTHTb ejieMeHTapHHH 
Kap6oH Ta/a6o Kap6oHBMicHHH ra3, aid 36uibiuyK)Tb BHxi^Hy BejiHHHHy nopHCTOCTi riTE i 
yTBopwiOTb ao^aTKOBi A P i6m 3aKpHTi no P H y riTB nm nac HacrynHHx nepeBHmeHb 
poapaxyHKOBoro TeMnepaTypHoro peacHMy. £ajii BHHaxia oxonjiioe cnociG, 3a hkhm 
^pieHOKpHCTajiiMHHH MaTepiaji ejieMeHTapHoro Kap6oHy i, mo>kjihbo, flpi6HOKpHcrajiiHHi Kap6uw 
BBO/WTb uijwxom BHnapoByBaHiw no MiKpocTpymrypH IITE. 3ri OT o 3 BHHaxoaoM, hkiuo 
ejieMeHTapHHH Kap6oH HaHOCHTB cniBocaa>KeHH*M MeroflOM EBPVD 3 TenjioisojiauiHHHM 
MaTepiaaoM IITE, ycepe^HHi IITB yTBopKHOTbca bhcoko #Hcn ep c h i cy63epHHHHi MiKpocTpyicrypH, 

pa30M 3 HHCJieHHHMH .OpigHHMH JliHiitHHMH IIOpaMH Ha JXU1XHK3X BUUCJiaaaHHH Kap60HOBHX HH 

Kap6umHX KnacrepiB. IJio nopHCTicrb (*k Bimepiny, Tax i 3aKpHTy) noacmoiOTb e^eicroM 
"eKpaHyBaHiw", *khh BHHHKae b pe3yjn>TaTi npouecy EBPVD. Byjio bhhbjicho, mo Ha uhx 
/UJWHicax yraopiocTfeCJi flOflancoBa api6Ha Ta CTa6uibHa nopHCTicrb nia nac HacTynHHx nepioaiB 
nepeBHmeHH* po3paxyHKOsoro TeMnepaTypHoro pe>KHMy, kojih Bia6yBaeTbCH cniKaHH* IITE. 
BBaacaerbca, mo w ao^aTKOBa nopHCTicrb € pe3yju>TaTOM yrBopeHH* Kap6oHBMicHHx ra3iB npn 
po3KJiaAi KjiacrepiB ejieMeHTapHoro Kap6oHy (i, mohcjihbo, Kap6izmHx KJiacTepiB) npn bhcokhx 
TeMnepaiypax, Hid hk Hepo3HHHHi y MaTepiani FITB 3axonjnoKm>ca ycepejmm IITE BHacjiiflOK 
qacTKOBoro cniicaHHH MaTepiauy IITE, nin nac aicoro BHxuxHa ,opi6Ha nopHCTicTb IITB 3a b^omhm 
piBHeM TexHiKH nacro 3HHKae b pe3yjitTaTi npouecy yKpymieHHa (3jihtth) nip. BBaaeaerbca, mo 
thck, aicHH 3axomieHHH ra3 HHHHTb Ha OTOHyioHHH MaTepiaji 11TB, mriGye yicpynHeHHH nip Ta 
npouecH nepepo3noaijiy y MiKpocrpyiaypi, TOMy IITB 36epirae api6Hy nopHCTicrb, a 
MiKpocTpyicrypa IITB TepMocTa6uii3yeTbOL Ockuibkh ueif kophchhh e<J>eKT noB'ttjaHO i3 
3axonjieHHM ra30M, aaHHH BHHaxia oxoiunoe TaKO^c npouecn, 3a xkhmh 3,aiHCHK)K)Tb np*Me 
bkjixohchhh Hepo3HHHHoro ra3y, TaKoro kk Kap6oHBNficHHH ra3, flO MiKpocTpyicrypH IITB, a nOTiM 
HaBMHCHO nacTKOBO cniicaiOTb IITB juw 3axonjieHHH ra3y Ta cTBopeHHH ,zipi6Hoi cTa6ijibH0l 
nopHCTOCTi ycepe,zmHi IITB. 

[0012] 3 ypaxyBaHHHM BHme3a3HaneHoro aoaaTKOBa api6Ha nopHCTicrb, HasiTb hk npaMHH 
pe3yjibTaT cniicaHHa, xkq 3BHHafiHO noB'*3aHe 3 niflBHmeHH*M TemionpoBuiHocTi, cTBOpioerbca 
cnoco6aMH 3a othm BHHaxoaoM ffjix npoTHoii He6a^caHHM e^eicraM cniicaHH*, thm caMHM 
36epiraiOHH i, noTeHuiiiHo, 36inbiiiyK>HH nopHcricTb nj\* 36epe>KeHHH hh 3hh^cchhh 
TenjionpoBiroocTi IITB. B pe3yjibTari, Moacyrb 6yTH cnpoeicroBaHi komhohchth, po3paxoBaHi Ha 
TOHKime IITB Ta/a6o, hkuxo mohcjihbo, MeHiuy BHTpaTy oxoiioaacyBanbHoro noBfrp*, thm cemhm 
3MeHmyioHH TexHOJioriHHi BHTpaTH Ta BapTicrb MaTepiajiiB i 36ijibuiyK)HH TpHBajiicTb tkhtth 
KOMnoHeHTiB Ta e4)eKTHBHicTb .OBHryHa. 
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[0013] iHiui uLni Ta nepesarH aaHoro BHHaxoay 6yayTb 3po3yMijiiuiHMH 3 HaBcaeHoro ^ajii 
/leTajibHoro onncy. 

CTHCJIHH OnHC KPECJTEHb 

[0014] Oirypa 1 € nepcneicrHBHHM bhaom JionaTi Typ6iHH BHcoKoro THCKy. 
[0015] Oirypa 2 cxeMaraHHO 3o6paaeye nonepeHHHH po3pi3 Jiona-ri 3a Oirypoio 1 b3aob>k 
jimii 2-2 i noKa3ye cncreMy noKpHTTH jum cTBopeHH* TeruioBoro 6ap'epy Ha jionaTi 3a aaHHM 

BHHaXOAOM. 

[0016] Oirypn 3 Ta 4 e MiKpo<i>OTorpa4)uiMH noKpHrriB jxjul cTBopeHH* TeruioBoro 6ap'epy, 
HaHeceHHx 3rumo 3 jx<whm BHHaxoaoM Ta 3a bujomhm piBHeM TexHiKH, BumoBizmo, y TOMy CTaHi, 
hkhh bohh MaioTL 6e3nocepe,zmbo nicjM HaHeceHH*. 

[0017] Oirypn 5 Ta 6 e MiKpo<|>OTorpa4)iaMH noKpHTTiB jjjm CTBOpeHH* TepMinHoro 
6ap'epy 3a OirypaMH 3 Ta 4, Bwiosizmo, niarw TepMOo6po6KH npH iiph6jih3ho 1200°C npoTaroM 

npH6jIH3HO 2 TOOTH. 

[0018] Oirypn 7 Ta 8 e rpacJuicaMH, mo nopiBHK>ion> TeiuionpoBizmocrri Ta rycrHHH, 
BiOTOBizmo, noKprnniB juw CTBopeHHa TeruioBoro 6ap*epy, oaepacaHHX 3a bizjomhm piBHeM 
TexHiKH Ta 3a jxamm BHHaxoaoM. 

ZtETAJIfcHHH OriHC BHHAXQ0Y 

[0019] ^aHHH BHHaxia 3aranoM crocycrbca KOMnoHeHTiB, *Ki 3a3HaiOTS jxii bhcokhx 
TeMnepaiyp, 30KpeMa, TaxHx KOMnoHetmB, hk coruia Ta JionaTi Typ6iH bhcokoto Ta HH3bKoro 
THCKy, 6aHnxxi, 4>yrepoBKa KaMepH 3rop*HHa Ta o6jia#HaHHH <t>opcaacHoY KaMepn ra30Typ6iHHHx 
.OBHrymB. npHKJiaj^ jionaii Typ6iHH bhcokoto THCKy 10 3o6pa>KeHO Ha Oirypi 1. JIonaTb 10 
3arajioM BKJuonae aepoOTHaMi*my noBepxHio 12, Ha *Ky cnpaMOBam rapani ra3H 3ropaHH* nw nac 
Po6oth ra30Typ6iHHoro .OBHiyHa i noBepxH* *koi 3a3Hae TOMy j£i rapannx ra3iB 3rop*HHH, a 
TaKo>K mi OKCH.aaaii, Kopo3n Ta ep03iT. AepoAHHaMi^Ha noBepxH* 12 3axnmeHa bijx arpecHBHoro 
po6oqoro cepeaoBHiua chctcmoio noKpHTr* juir cTBopeHH* TeruioBoro 6ap'epy (11TB), xKy 
cxeMaraHHO 3o6paaeeHo Ha Oirypi 2. AepoflHHaMiqHa nosepxH* 12 3aKpin;ieHa Ha mcKy Typ6iHH 
(He 3o6pa^ceHHH) 3a aonoMoroio 3'exiHaHHH jiacrriBHHHHM xboctom, yTBopeHHM y KopeHeBifi 
nisuiHixi 16 JionaTi 10. y aepo,OHHaMiHHiH noBepxHi 12 e KaHajiH oxono/pKeHH* 18, Kpi3t> HKi 
nponycKaiOTb crrpaBJHOBaHe noBiTpn juw Bia6opy Teana sin JionaTi 10. Xoh nepeBarH aaHoro 
BHHaxo^ay 6yayTb onHcaHi 3 nocHJiaHH*M Ha JionaTb TypSiHH bhcokoto THCKy 10, 3o6pa>KeHy Ha 
Oirypi I, mctoah aaHoro BHHaxoay 3arajioM 3acrrocoBHi jxo 6yflb-HKoro KOMnoHeHTa, Ha HKOMy 
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Moace 6yTH BHKopHCTaHe noKpHTTH win CTBopeHHH TenjioBoro 6ap'epy jxj\* 3axncTy KOMnoHeHTa 
sijx BHcoKOTeMnepaTypHoro cepe^OBHina. 

[0020] CHcrreMa EfTB 20, npeacraBjieHa Ha Oirypi 2, BiaiiOHae MeTajieBe cncmyHHe 
noKpHTTH 24, HaHeceHe Ha noBepxmo cy6crpaTy 22, hkhh thhobo e HaziMiuHHM cnjiaBOM Ta 
ochobhhm MaTepiajiOM jionaTi 10. B CHcreMax nTE, npH3HaneHHx win KOMnoHeHTiB 
ra30Typ6iHHHx flBHrymB, cnojiyHHe noKpHTTH 24 THnoBO e KOMno3Huieio 3 bhcokhjvt bmIctom 

aJHOMiHilO, TaKOK) HK 30BHilIIHe nOKpHTTH 3 MCrAlX-CItJiaBy, HH AH(J)y3iHHHM nOKpHTTJIM, TaKHM 
BK ^H4>y3iHHHH aJIIOMiHitf HH OT4>y3iHHHH ILTiaTHHOBaHHH aJIIOMiHUl THny, BiflOMOrO 4>axiBIJHM. 

36araneHi Ha ajuoMiHin cnojiynm noicpHTra m>oro THny yrsopioiOTb imiBKy OKcnay ajnoMimio 28, 
HKa BHHHKae BHacjii.aoK OKCHflaui'i cnonyHHoro noKpHTTH 24. RntiBKa oKcnay ajiioMiHiK) yTBopioe 
xiMiHHHH 3b'h3ok mi>k Tenjioi30JDmiHHHM MaTepiajiOM hh riTB 26 i cnonyHHHM noKpHTTHM 24 Ta 
cy6cTpaTOM 22. 11TB 26 Ha Oirypi 2 3o6paaceHe xk Taice, mo Mae criHicy ao HanpyaceHb 
MiKpocrpyKTypy CTOBnnacTHX 3epeH 30. %k bwomo <J>axiBtWM, TaKi CTOBnnacTi MiKpocTpyioypH 
Mo^cyTt 6yTH oaepacaHi uuwxom HaHeceHiw I1TB 26 3 BHKopHCTaHH*M mctootkh KoimeHcaijiY 3 
napoBol 4>a3H, TaicoY xk EBPVD. Xoh 3HaHHa nacTHHa HaBeaeHoro aajii Aooii/pKeHH* 6y#e 
30cepezpKeHa Ha CTOBirnacTOMy IITB rany, npeacTaBJieHoro Ha Oirypi 2, BBaacaeTbTCH, mo jxslhhh 
BHHaxia MO*e 6y™ Taieo* 3acrocoBaHO ao HecTOBirnacTHX IITB, HaHeceHHX TaKHMH cnoco6aMH, 
hk ruia3MOBe HanHJiemw, BKjnonaioHH HaiuuieHH* noBnpaHoio mia3Moio (APS). IITB uboro THny 
Mae <J)opMy po3njiaBJieHHX "jranoK", b pe3yjibTa-ri noro yTBopioeTbca MiKpocrpyKTypa, nxa 
xapaKrepH3yerbCH po3iunocHyTHMH 3epHaMH HenpaBHJibHOi $opMH Ta neBHHM cryneHeM 
HeoOTOpioHbcri Ta nopHCTOcri. 

[0021] Kpaiimn Tenjioi30JWuiiiHHH MaTepian jyix IITB 26 ocHOBaHO Ha 6iHapHift cyMimi 
OKCH^ty uHpKOHifo, CTa6im30BaHoro okch^om iTpiio (YSZ), 30KpeMa, Ha OKcnm UHpicomio, 
nacTKOBO cTa6Lni30BaHHM okch^om iTpiio. 3a jxslhhm BHHaxo.no m Moxcyrb 6yTH TaKonc BHKopncTaHi 
muii KepaMiHHi MaTepiann, Taxi hk okch^ impKOHiio, noBHieno CTa6Lni30BaHHH okch^om iTpiio, 
a6o OKCHfl impjcomio, nacTKOBO hh noBHicTK) CTa6uii30BaHHH okchaom uepiio, okch;xom Maraiio, 
okch^om cicaiiaiio Ta/a6o iHuiHMH OKCH^aMH. 3a oothm 3 acneicriB mnoro BHHaxoay oco6jihbo 
npn^aTHHM MaTepiajiOM hjik IITB e YSZ, hkhh MicTHTb npn6JiH3Ho sm 4 no 8 MacoBnx bi^cotkib 
OKCH^y iTpiio. EfTB 26 HaHocHTb 3 tobiuhhok), ziocTaTHboio mix 3a6e3neneHHH 6a>KaHoro 
TenjioBoro 3axHcry cy6crpaTy ochobh 22 Ta JionaTi 10, 3BHnaHHO s'm npw6jiH3HO 75 jxo 
npn6jiH3HO 300 MiKpoMeTpiB. 

[0022] B pe3yjibTaTi npoueciB, hkmmh HaHOCHTbca IITB 26 oicpeMi 3epHa 30 IITB 26 
xapaicrepH3yioTbC5i MiKpocrpyKTypHHMH fle<f>eKTaMH Ta nopaMH 32 ycepeaHHi 3epeH 30 i na 



MiacjepeHHHx Me>Kax Ta noMiac hhmh. BBaacaerbCH, mo ae^eicrH Ta nopH 3MeHiuyioTb 
renjionpoBi.oHicTS 3ep H a 30 FITB i, orae, I1TB 26 y uinoMy. £pyrHM acneicroM BHHaxoay e 
36epe»ceHH* hh 36LnbiueHHH bcjihhhhh nopHcrocTi y MiKpocTpyicrypi nTB Ta CTa6ijii3auia 
MiKpocrpyKTypH FITB nia qac nepeBHiueHH* pospaxyHKOBoro TeMnepaTypHoro peaaiMy, * K e 
iHaKuie cnpHHHHioe pier sepeH (yicpynHeHHH), cniKUHHH Ta nepoposnoai* nip 3 a po3MipoM, 
npHBO^HMH so yKpyrmeHHH Ta/a6o 3Hhkhchhh ae^eicriB T a nip 32, Ha*BHi<rrb hkhx e 6aacaHOK). 
06HOTa ui acneicrH MoacyTb 6yra aocHrayTi 3a AaHHM BHHaxosoM uuihxom cniBHaneceHH* 
ejieMeHTapHoro Kap6oHy b npoueci HaHeceHH* nofcpHTra. 3rioHO 3 BHHaxo^OM, 36uibuieHa 
BejiHHHHa ;ipi6HoY buo^htoY nopHCTocri Monce 6yTH CTBopeHa y nTB 26 b npoueci fioro 
HaHeceHHH uuwxom cniBHaneceHHa ejieMeHTapHoro Kap6oHy Ta i30Ji*uiHHoro MaTepiajiy 
(HanpHKJia^, YSZ) IITE 26, npHHOMy nia nac HacrynHoi bhcokhx TeMnepaTyp yTBopioerbca 

AO^aTKOBa ^pi6Ha nOpHCTiCTS BHaCJliaOK BHXUJieHHfl Hep03TOHHHX Kap60HBMlCHHX ra3iB 3 

Kap6oHy, HKi noTiM 3axoruiK)ioTbCH ycepeflHHi I1TB 26 b pe3yjibTari nacTKOBoro cniicaHHH nTB 
26. 3a iHinHM BapiaHTOM apyrHH acneicr Moaee 6yro 3fliHCHeHj uijihxom npaMoro bqcjxqhhsi 
Hepo3HHHHoro ra3y so I1TB 26 MeroflOM npoconyBaHH*, a noTiM qacncoBoro cniicaHHa nTB 26 
Win 3axonjieHHH BBcaeHoro ra3y. 

[0023] KpaumM cnoco6oM cniBHaHeceHH* Kap6oHy Ta Temioi30JDmiHHoro MaTepiany nTB 
26 e BHnapoBysaHH* oflHoro hh kuibkox 3jraBKiB Teruioi30JiaiuftHoro MaTepiany i Kap6oHy Ta/a6o 
cnoJiyKH Kap6oHy. npmcjia^OM npHflaTHoro aacepejia Kap6oHy e rpa^iT, a npHaarai cnonyKH 
Kap6oHy BKJnonaioTb Kap6ia UHpKOHiio (ZrC), icap6ia THTaHy (TiC), Kap6ia TaHTajiy (TaC) Ta 
Kap6ia Moni6,zieHy (Mo 2 C). BBaacaerscH, mo flOflancoBa nopHcricTb, HKa yTBopioerbca npn m>OMy, 
e pe3yni>TaTOM e^eioy eKpaHyBaHHa, *khh cnocTepiraeTbca npa HaHeceHHi xbox Hep03HHHHHx 
4>a3 mctoaom EBPVD. Euibiii KOHKperao, BBa>Kaerbca, mo "nepBHHHa" nopHcricTb yTBopioerbCH 
HaBKOJio ocajpKyBaHHX KJiacrepiB ejieMeHTapHoro Kap6oHy (i, mohcjihbo, KnacrepiB Kap6iaiB, 
OKCHKap6izuB, HiTpa^iB i T.n., HKi yci € Hep03™HHHMH b YSZ) nia Hac EBPVD b pe3yxrbTaTi 
6noKyBaHH* aocryny noTOKy napiB OKcnay iwpKOHiio y 6e3nocepe,0Hio 6;iH3bKicTb £o KjiacTepiB 
apyroi (J>a3H. Byjio Bio3HaqeHO, mo iHiiiHM kophchhm e^eicroM cniBHaHeceHH* KjiacTepiB Kap6oHy 
(i, mo^oihbo, Kap6izmHx KJiacTepis) MeroflOM EBPVD e yTBopeHH* 6araTbox ao^aTKOBHx 
noBepxoHb p03^ijiy, acouiiiOBaHHX i3 cy63epeHHHMH moksmm, mohoihbo, BHacrri/xoK npHHHH, 
noB'H3aHHx, neBHO, 3 thm, mo npHcyTHicrb Kap6oHy npoMOTyc Hymieauiio hobhx cy63epeH Ta 
iHri6ye OH^iHHi npouecH pocTy 3epeH. Y pesynbTaTi Bia6yBa€Tbca nocriHHa Hyioieauia hobhx 
3epeH, mo npHBOOTTb no yTBopeHHH BHCOKOflHcnepcHOi cy63epHHcro"( CTpyicrypH nTB 3 
HHCJieHHHMH noBcpxHMMH po3flijiy, HKi 3HH>KyioTb TenjionpoBi^HicTb Kpi3b 3epHa nTB. PiBHi 
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buucphtoi nopHCTOCTi, mo cnocrrepiraiOTbca b I1TB, HaHeceHHX y BuuiOBiAHOcri 3 ^hhm 
bmhoxo^om, 3HaHHO bhuu, hdk jum nTB Ha ocHOBi YSZ, HaHeceHHX 3 i/ieHTHHHoro /Dfcepejia 
MaTepiajiy YSZ (6e3 jpicepejia Kap6oHy) 3a uxchthhhhx yMOB. Xkwo nTB Ha ochobI YSZ, mo 

3BHHaHHO HaHOCHTLCJ! MCTOflOM EBPVD, MaiOTb piBHi BlZUCpHTOI nopHCTOCTi He 6lJlfcUI, HDK 

npH6iiH3HO 15-20 o6'€mhhx Bi^coTKiB, BBaxcacrbCH , mo aaHHH BHHaxia Aae 3Mory AOCarTH piBHlB 
BiwpHToY nopHCTOCTi npHHaftMHi nopaoKy 25 o6*€Mhhx bwcotkIb, a THnoBi piBHi BijwpHToY 

nopHCTOCTi CKJia^aiOTB Bin npH6ilH3HO 30 JIO npH6iIH3HO 35 o6'€MHHX Bi^COTKiB. 

[0024] BncoKOflHcnepcHa "BTOpHHHa" nopHcricTb BHHHKae 3a aaHHM BHHaxo^OM b 
pesyjivraTi saificHeHH* peaicuii ejieMeHTapHoro Kap6oHy (i, mohcjihbo, Kap6iaiB) 3 khchcm 3 
yTBopeHHHM MOHOOKCHfly Kap6oHy (CO) Ta/a6o muioro Kap6oHBMicHoro ray (HanpHKjiaa, 
.zuoKCH^y Kap6oHy C0 2 ) nin nac nepeBHmeHH* po3paxyHKOBoro TeMnepaTypHoro pe^KHMy 
(Hanprocnaa, bhw npn6jiH3Ho 950°C). BHacjiiaoK Toro, mo nepBHHHa nopncTiCTb OToiye 
oca^eHHH Kap6oH, icHye aocTaTHifi 06'eM nip jyvi BHtfijieHH* Kap6oHBMicHHx ra3iB 3 
yTBopeHHHM jsyme ,opi6HHX nip ("MucponopH") ycepezmHi nTB. no Mipi yTBOpeHHH mohookch^ 
Kap6oHy Ta BTpara neBHoi nacraHH BHxizmoY nepBHHHoY nopHCTOCTi b pe3yjibTaTi yiepynHeHHa nip 
Ta Yx nepepo3noflLriy 3a po3MipoM nw nac cniicaHHa neBHa nacTHHa MOHOoKCH^y Kap6oHy 
3axonjnoen>cH y Miicponopax. BBaacaeTbCH, mo 3axonjieHHH ra3 npomaic eHeprii noBepxHeBoro 
HaTary, aica c pyuiitaoio chjioio yKpynHeHHH (ruunr*) nip nia nac cniieaHHa. TaKHM hhhom, Ha 
AO^aTOK no 3HH^KeHHH rycTHHH Ta TenjionpoBumocTi nTB 26 aoziaTKOBa api6Ha nopHcricTb, mo 
Moace 6yra craopeHa 3a aaHHM BHHaxo^M, e TepMocra6ijii>HOio, to6to He cnpHHH5miHBoio ao 
yca,mcoBoY fle<f>opMauii. 

[0025] ^o^aTKOBa nopHcricn> motkq tbkotk nacncoBO yTBopioBaracH 3a oaHieio hh o6oMa 3 
TaKHx peaKuift: 

Zr0 2 + 3C = ZrC + 2CO 
Zr0 2 + 2C = Zr + 2CO 

Ui pearaui, aic onncaHo b JirrepaTypi, Bia6yBaK)Tbca b iHTepBani TeMnepaTyp bu npn6jiH3Ho 900°C 
no npH6jiH3HO 1200°C, hkuio npn ubOMy niznpHMyerbca aocrraTHbo hh3bkhh Baicyyivi nopazucy 10" 

M0" 5 TOp (npH6iIH3HO 1,33x1c" 4 - 1,33x1 0~ 5 M6ap) (oCKijIbKH piBHOBaHCHHH THCK MOHOOKCHfly 

Kap6oHy ay^ee HH3bKHH, Hanpnioiafl, npn6jiH3Ho 10^ Top npn 870°C). 3riaHo 3 uieio Teopicio 3a 
TaKHX yMOB npn HaHeceHHi mctoaom EBPVD 6yztyTb yraopioBaTHca unpKOHw Ta icap6ux 
unpKOHiio, i HaBKO^o uhx nacTHHOK y pe3yjibTaTi e4>eKTy eicpaHyBaHHa u'm qac npouecy EBPVD 
6yae yTBoptOBaTHCH nepBHHHa nopHcricTb. npn HacrrynHOMy HarpiBaHHi 6yae yTBopfOBaraca 
ra3ono^i6HHH mohookcha Kap6oHy, npHBOflHHH no yTBOpeHHH hoboi btophhhoi nopHCTocri 
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ycepe^Hi I1TB 26 Ta fioro 3epeH 30, a TaKO* mohookcha Kap6oHy (Ta/a6o juiokchji Kap6oHy mh 
iHuiHH Kap6oHBMicHHH ra3), 3axonjieHHH b MiKponopax, aid e 3ajiHimcaMH BMxi^Hoi nepBHHHOi 
nopHCTOcri. rioTeHuiHHHMH no6iHHHMH npoflyKTaMH BKa3aHHx BHme peaKuiR € Taicoac Kap6i^H 
(HanpHKJiaa, ZrC) T a OKCHicap6uui (HanpHKJiaa, ZrO x C y ), *k\ Moacyrb cnpHHTH cTa6ijii3auii 
MiKponopHCToi crpyKTypH nTB 26 uuwxom 3aKpinjieHHa Ta 3MiuHeHH* MiaaepeHHHx Me* Ta nip 
32 nTB 26. 

[0026] Kk 6yjio BKa3aHo paHiuie, npHHafiMHi fleaici 3 kophchhx e^eicriB, mo MOKyrs 6yTH 
aocarHyTi 3a aaHHM BHHaxo^oM, Moaeyrb 6yra TaKo^c oaepacaHi iidwxom npnMoro bbqjxqhhk 
Hepo3HHHHoro ra3y no UTB 26, a noTiM nacTKOBoro cniKaHH* nTB 26 3axonjieHH* ra3y Ta 
yTBopeHH* ^pi6HoY cTa6uibHoY btophhhoY nopHCTOcri ycepcoHHi nTB 26. npH/iaTHi .ojih utoro 
ra3H BKJiioHaioTB mohookcha Kap6oHy, ^ioKCH^ Kap6oHy, moKCHxi cyjii>4)ypy, a3 0 T Ta aproH, aid 
MOKyrb 6>th BBe^eHi b nTB 26 nia nac HaHeceHH* nTB 26 a6o b pe3yjibTaTi o6po6KH nicjm 
HaHeceHHH. B 6yzu>-aKOMy BHna^Ky Mae 6yro npoBe/xeHa ami* HaBMHCHoro HarpiBaHH* jsw 
npoBefleHHa npHHaftMHi nacTKOBoro cniKaHHa nTB 26 3 mctoio 3aKpHTr* BizucpHToT nopHCTOcri, 
aica aajia 3Mory nuy npoHHKHyTH ao nTB 26, thm caMHM 3ano6iraiOHH BHxoay ra3y. Hanpniuiaa, 
b npoueci o6po6KH nicjw HaHeceHH* nTB 26 Moace 6yTH noMimeHe b KaMepy nia BaKyyMOM, 
nicjia Horo b KaMepy noaaiOTb Hep03HHHHHH ra3 jinx 3anoBHCHHH BimcpHToY nopHCTOcri nTB 26. 
noTiM nopHCTicTB 3aKpHBaion> nuwxoM HarpiBaHHH nTB 26 (Kpauxe b aTMoc^epi Hepo3HHHHoro 
ra3y) ro TeMnepaTypn npa6jiH3HO 950°C hh 6uibiue juix nTB 3 YSZ. nicjin 3aicpHTTJi nopH, mo 
MicTHTt ra3, 6yayTb CTa6ijii30BaHi npora noaajibiuoro ymijibHeHHa thckom 3axoruieHoro 
Hepo3HHHHoro ra3y. 

[0027] Xo^ HaBe^eHe BHme o6roBopeHH* CTOcyeTbca HacaMnepea CTOBnnacToro nTB 
THny, 3o6pa>KeHoro Ha Oirypi 2, KopHCHi e<J>eKTH BHHaxoay MoaeyTb 6yTH Taico* aocarHyri npn 

BHKOpHCTaHHi HeCTOBIIHaCTHX nTB, HaHeCeHHX TaKHMH MCTO^aMH, HK mia3MOBe HanHJieHHH. Kk 

3raayBajiocb paHiuie, HaHeceHHH mia3MOBHM HannneHHHM nTB yrBopeHO 3 p03njiaBjieHHx 
"jwiiok" BHaciriaoK noro 3epHHcrra cTpyicrypa xapaKTepH3yerbCH cnjiomeHHMH 3epHaMH 
HenpaBHJibHoY 4>opMH, otohchhmh HeoOTOpizmoio nopHcricTio. 3a rslhhm BHHaxo^OM Monoia 
36epiraTH e^eKTHBHy BejiHHHHy nopncTOCTi mix cTa6ijii3auiY MiKpocTpyicrypH nTB nia nac 
nepeBHmeHHH po3paxyHKOBoro TeMnepaTypHoro peaeHMy ihjwxom cniBHaHeceHH* nopouiKiB 
ejieMeHTapHoro Kap6oHy hh cnojiyn na ochobI Kap6oHy Ta MaTepiajiy nTB, HanpHKjiaa, uuiaxoM 
OOTonacHoro HanmieHH* nopoiniciB rpa4>hy Ta YSZ a6o HannjieHH* nopouiKy YSZ 3 rpa^hroBHM 
noKpHTTHM . npn HacTynHiii TepMiHHiH o6po6ui, AocrraTHiH zyi* nacTKOBoro cniKaHHH nTB, 6yae 

BHtfiiWTHCb Kap60HBMiCHHH Ta3, a HaCTHHa iCHyiOHOl BUUCpHTOl nopHCTOCTi 3aKpMBaCTbCH. 3a 
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ihllthm eapiaHTOM Hepo3HHHHHH ra3 mo>k6 6yTH BBeaeHO 6e3nocepeflHbo no nTB 26 b npoueci 
o6po6KH nidi* HaHeceHHa, hk onHcaHO bhiuc B 6yflb-HKOMy BHnawy npouec Ta pe3y;n>TaT 
B^pi3HHiOTbc^ sin thx, mo 3a6e3nenyioTbCH naTeHTOM CUIA N° 5906895 Ha i\Ta Hamada et al., y 
HKOMy Hamada et al. onncyiOTb CTBopeHH* HaHeceHoro njia3MOBHM HanHjieHH*M nTE, *Ke hh to 
MicTHTb "juoikh" Kap6iaiB a6o iHiuoi BHcoKOTeMnepaTypHOi cnojiyKH, hh to npoconycTbCH 
ra3ono^i6HHMH bhxiohhmh MaTepianaMH jyia yTBopeHHfl Kap6izmoro noKpHTTH (hh noKpHTTH 3 
iHiuoY BHcoKOTeMnepaTypHOi cnojiyKH) Ha mI^cjihiikobhx Meacax 11TB. JKojxhc 3 uhx nTB He motkq 
MicTHra 3axonneHHH ra3 BHacjiiaoK BiaKpmroro xapaKTepy nip HaHeceHoro rma3MOBHM 
HanHJieHH^M nTB. 

[0028] B xo,ai OTCJiupKeHb, mo npHBejiH no uboro BHHaxo/jy, I1TB 3 YSZ HaHocnjiH 
MeTO^OM EBPVD Ha 3pa3KH, BHTOTOBJiem 3 cynepciuiaBy Rene N5, Ha hki 6yjio HaHeceHe 
cnojiyroe noKpHTra ajnoMimay iwaTHHH (PtAl). Ha ae>oei 3pa3KH noicpHTDi HaHOCHJiH nuiaxoM 
BHnapoBysaHH* OKpeMHX 3JiHBKiB rpa4)iiy Ta 7%YSZ (oKcna uHpKomio, CTa6iiii30BaHHH 
npH6;iH3HO 7 % Mac. OKCHfly iTpiio). Tpa^iTOBi 3jihbkh BKjnonajiH BOJib4)paMOBHH KOBnanoK, akhh 
nin nac EBPVD yTBopioe po3iuiaBjieHy noBepxneBy JiyHKy, Kpi3b HKy BHnapoByerbca Kap6oH, 
3rizmo 3 naTeHTOM CUIA JSTs 5296274, BH^aHHM Ha iM*a Movchan et al. AHajiorinHo no npoueciB 
EBPVD 3a BiaoMHM piBHeM TexHiKH 3pa3KH 3aBaHTa>KyioTb no KaMepH jjjvl HaHeceHH* noKpHTTH 

TaKHM HHHOM, mo6 BOHH yipHMyBaJIHCb HZJX 3JIHBKaMH, i KaMepH BiziKaHyiOTb flO OflepacaHH* 

HenoBHoro BaKyyMa npH6jiH3HO 4,7x1c 4 no npH6jiH3HO 6,6x10^* Top (sin npH6iiH3HO 6,3x1 0" 4 
no npH6jiH3HO 8,8x1c 4 M6ap). rioiiM 3pa3KH HarpiBaiOTb no TeMnepaTypH b iHTepsajii npH6nH3HO 
900-1000°C i npH o6epTaHHi 3pa3KiB 3i iUBHflKicno npH6jiH3HO 25 o6/xb BHKopHCTOByioTb n&i 
ejieiopoHHO-npoMeHeBi nyniKH, mo npamoroTb Ha piBHax noTyacHocri npn6jiH3HO 19,5 kBt Ta 23 
kBt, mo6 cnpaMysara eneicrpoHHi nyHKH Ha 3jihbkh YSZ Ta rpa<f)iTy, BumoBioHO, Ta po3iuiaBHTH 

nOBepXHK) 3JIHBKiB AJW yTBOpeHHH napOBOl XMapH, HKa MlCTHTb OKCHfl UHpKOHiK), MOHOOKCHfl 
UHpKOHilO, UHpKOHiH, hpiH, OKCHfl iTpilO, OKCH.ZJH hpilO 3 HHECHHMH CTyneHHMH OKHCJieHHH, 

KHceHb Ta Kap6oH. riapn HaHOorrb (KOHfleHcyiOTb) Ha noBepxHi 3pa3KiB 3 yTBopeHHHM ITTE, 
TOBumHa hkhx craHOBHTb npH6;iH3Ho 150 MinpoMeTpiB. KoacHe 3 o^epncaHHx noKpHTriB (aajii 
no3Haqa€TbCH hk 7%YSZ+C) MicTHTb xmcnepciio Kap6oHy (TBep^HH rpa<|)iT) i, mo>kjihbo, Kap6iay 
UHpKOHiio, mo HaKonHHyBajiHCb HaBKOJio ae^eicriB, nip Ta cy63epeH (noBepxHi po3,zujiy ycepeAHHi 
3epeH) MiKpocTpyicrypH YSZ nin nac pocTy OKpeMHX 3epeH. KiiibKicTb HaHeceHoro Kap6oHy (aajii 
no3Hana€TbCH hk "HH3bKa", "cepeAH*" hh "BHCOKa") BH3HaHaeTbca nojio^ceHH^M ko>khoto 3pa3Ka 
no BiaHouieHHK) no Fpa4>iTOBoi* jiyHKH, npHHOMy Ti 3 hhx, mo po3TauioBaHi 6;iH>KHe no jiyHKH, 
oaepacyiOTb BHmy KOHueHTpauiio Kap6oHy, mac ti, mo 3HaxoxurrbCH GjiH^cne no nyuKH YSZ. Ha 
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iHiui spa3KH HaHocHTb noKpHTTH b oriHcaHHH bhluc cnoci6, ajie BHnapoayiOTb jiHme 3jihbok 
7%YSZ wa HaHeceHH* 3BHHaHHoro riTB 3 MaTepiajiy 7%YSZ. 

[0029] Ko^cHa 3 Oiryp 3 Ta 4 € 3po6iieHHMH 31 36ijibmeHH*M 5000x MiKpo4>OTorpa(J)iaMH 
oOToro 3i 3 P a3KiB i 3 iiokphtthmh 7%YSZ+C Ta 7%YSZ, biotobuwo, y cTaHi H a momcht 

HaHCCeHH^I. BHMipHHa BeJIHHHHa BiflKpHTOl nopHCTOCTi 3pa3KiB 7%YSZ+C CTaHOBHJia npH6iIH3HO 
32 o6'€MHHX BiACOTKH IIOpiBH>IHO 3 12 o6'€MHHMH BlflCOTKaMH JXJIH 3BHHaHHHX 7%YSZ-3pa3KiB. 

noTiM 3pa3KH ni^aaBanH crapimiio npn npn6jiH3Ho 1200 °C nporaroM npH6iiH3HO rbox tooth. 
OiiypH 5 Ta 6 e Miicpo<i)OTorpa<t>iaMH sicrapeHHx spasriB 7%YSZ Ta 7%YSZ+C, BwnoBWHo. 3 
nopiBtwHH* Oiryp 3 Ta 5 MoacHa no6aTOTH, mo b spasieax 7%YSZ+C yTBopioertca 
BHCOKOOTcnepcHa nopHCTicrb, sue/ MoacHa iiohchhth npoxo^eHHH peaieuii Miac Kap6oHOM Ta 
khchcm, mo mfyyunye ycepeOTHy IITB. KiiibicicTb HaHeceHoro Kap6oHy, neBHO, BnjiMBae Ha 
rycTHHy IITB niarw CTapimw, npHHOMy IITB, mo Micron, HH3biei, cepe;uri Ta BHcoKi KOHueHTpaiui 
Kap6oHy, Mara cepczmi 3HaneHHH rycrHHH iiph6jih3ho 4,835, 4,615 Ta 4,555 r/Ky6.CM, 
BiOTOBizmo. 

[0030] nicna crapiHiw npH npH6iiH3H0 1200°C npoTHroM npH6jiH3Ho otox tooth 
BHMipiOBajiH TenjionpoBizmicrrs Ta rycTHHy kohchoto 3pa3Ka. OaepacaHi aam 3Beflem Ha Oiryp ax 7 
Ta 8, HaBe^eHi iHTepsajiH p03noaijiy, CTafmapTHi bupchjih Ta cepe;mi 3HaHeHtm. 
TenjionpoBumocri juik 7%YSZ+C Ta 6a30Boro 3pa3Ka 7%YSZ 6yjm BHMipam npH npH6jiH3H0 
890°C i HaBe^aeHi b Ta6jumi I hh^chc BemiHHHa "% pi3HHui" BH3Hanajiacb Ha ocHOBi cepe;mix 
3HaneHB TeiuionpoBiOTOcri 3pa3KiB 7%YSZ+C no BizmonieHHio no 6a30BHX 3pa3KiB 7%YSZ. 



Ta6jiHua I 



3pa30K 


Cepeme (Bt/xb K) 


CraHfl.BiflXHJI 


% pi3HHIji 


7%YSZ 


2,2 


0,17 




7%YSZ+C 


1,8 


0,13 


-13,0 



Pe3yjibTara uhx aocjiifliB e saroMHM CBizneHHaM Ha KOpHCTb BiuiHBy aoMimoK Kap6oHy Ha 
TenjionpoBizxHicTb Ta nopHCTicrb IITB Ha ocHOBi YSZ. 3HHHceHa TenjionpoBi,zmicTb 3pa3KiB 
7%YSZ+C y3ro,ziHcy€TbCH 3i 36uibmeHOK> nopHCTicno, mo cnocTepiraerbca. KpiM Toro, 
pe3yjibTaTH cBmnaTb, mo 3pa3KH 7%YSZ+C MaioTb 6ijibiu CTa6ijibHy MiKpocTpyicrypy, Hi* 3pa3KH 
7%YSZ, BHacjimoK noro 3pa3KH 7%YSZ+C 36epiraioTb HH^cny TeruionpoBiOTicTb nia nac 
CTapiHH^ npH 1200°C. 
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[0031] Xoq aaHHH BHHaxizj ormcaHO Ha npHKJia^i Kpamoro BapiaHTa BTijieHHa, 3po3yMmo, 
mo <J)axiBeub b iuh raay3i 3Moace a^anTyBara iforo win BHicopHcraHH* b imimx 4)opMax. 3riaHo 3 
Uhm o6car BHHaxoixy Mae o6MencyBaTHCb Jinuie HaBeaeHoio flani 4>opMyjioio BHHaxo,ny. 



riaTeHTHHH noBipeHHH, peecT.K2 150 




OOPMYJIA BHHAXO^y 

1. Cnoci6 4>opMyBaHtw noKpHTTH ;uih CTBOpeHHH TeruiOBoro 6ap'cpy (26) Ha noBepxm 
KOMnoHCHTa (10), hkhh BKJiioHa€ cranio 4>opMyBaHHH noKpHTTH jma CTBopeHHM TeorioBoro 
6ap'epy (26) 3 Teruioi30JiHuiHHoro MaTepiajiy, mo MicraTt ejieMeHTapHHH Kap6oH Ta/a6o ra3, 
Hepo3HHHHHH b Teiuioi30JiHiuHHOMy MaTepiajii, npHHOMy ejieMeHTapHHH Kap6oH Ta ra3 
3Hax<wrn>ca b nopax (32), po3TanioBaHHX ycepej^HHi 3epeH i Ha MeacjepeHHHx Meacax 
Teruioi30JMuiHHoro MaTepiajiy Ta noMiac hhmh, i KijiBKicTb ejieMeHTapHoro Kap6oHy Ta/a6o 
HCpo3HHHHoro ra3y e flocTaraboio mix TepM0cra6ijii3aiui MiKpocTpyicrypH Teruioi30JiHiuHHoro 
MaTepiajiy. 

2. Cnoci6 3a n.l, hkhh Biflpi3Haen>CH thm, mo craaiH 4>opMysaHHH BKjnonae 
cniBBHnapoByBaHHH Kap6oHy Ta Teruioi30JiHitfHHoro MaTepiajiy npn nioBHiueHift TeMnepaTypi. 

3. Cnoci6 3a n.2, hkhh Biz*pi3HH€TbCH thm, mo crania 4>opMyBaHHH BKjnonae HaHeceHHH 
noKpHTTa jyvi cTBOpeHRji TeiuiOBoro 6ap'epy (26) MeroflOM eJieKrpoHHO-npoMeHeBoi KonneHcauiY 
3 napoBoi 4>a3H, b xoai hkoto o^HOHacHO BHnapoByiOTb 3jihbok Teiuioi30JDmiHHoro MaTepiajiy Ta 
3jihbok Kap6oHBMicHoro hh Kap6insMicHoro MaTepiajiy. 

4. Cnoci6 3*a n.l, hkhh Binpi3H*en>CH thm, mo ctzuuh 4>bpMyBaHHH BKjuonae HaHeceHHH 
noKpHTTH fljw cTBopeHHH TeiuiOBoro 6ap'epy (26), npoconeHH* noKpHTTH aim CTBOpeHHH 
TennoBoro 6ap'epy Hepo3*iHHHHM ra30M, a noiiM HarpiBaHHH hokphtth ajw CTBOpeHHH TeiuiOBoro 
6ap'epy (26) oth 3aKpHTTH npHHafiMHi qacraHH nip (32) Ta 3axoruieHHH Hepo3HHHHdro ra3y 
ycepe^HHi 3aMKHeHHX nip (32). 

5. Cnoci6 3a n.4, hkhh Biapi3HHen>CH thm, mo Hepo3HHHHHH ra3 e moHaHMeHine o,ohhm 
ra30M, o6paHHM 3 rpynn, mo CKjiaaaerbCH 3 MOHOOKCH^y Kap6oHy, nioKcnjxy Kap6oHy, jxioKcajxy 
cyjiE»4>ypy, a30Ty Ta aproHy. 

6. Cnoci6 3a n.l, hkhh Buxpi3HHen>cH thm, mo npHHaHMHi aenKi nopn (32) 3axonjnoKrn> 
Hepo3HHHHHH ra3, npHHOMy nopn (32), HKi MicTHTb Hepo3HHHHHH ra3, e ctihkhmh no CniKaHHH, 
yKpynHeHHH nip Ta nepepo3noflijiy nip 3a po3MipoM. 



7. Cnoci6 3a n.6, jikhh Biapi3H*en>cfl thm, mo hcpo34mhhhh ra3 € Kap6oHBMicHHM ra30M, 
3axonjieHHM y nopax uuihxom HarpieaHHH noicpHTni wx cTBopeHH* Ten/iOBoro 6ap'epy (26) no 
TeMnepaTypH, flocrraTHBoY jyw bhauichhh Kap6oHBM icHoro ra3y 3 ejieMeHTapHoro Kap6oHy i 
nacTKOBoro cniKaHHH Tenjioi30JumiiiHoro MaTepiajiy jjjm 3aKpHTTa npHHaftMHi jxchkhx nip (32). 

8. Cnoci6 3a n.7, hkhh Buxpi3H*en>CH thm, mo crania HarpiBaHH* 3zuficHK>€TbCH npn 
TeMnepaTypi npHHaftMHi 950°C. 

9. Cnoci6 3a n.l, hkhh BUjpi3Hfl€TLCH thm, mo iiokphtth juw cTBopemui TenjiOBoro 
6ap'epy (26) BKjnonae CTOBmacri 3epHa (30). 

10. Cnoci6 3a n.l, jhchh Biapi3Hacn>ca thm, mo Tenjioi30JwiuftHHft MaTepiaji e okchjjom 
UHpKOHiio, CTa6uii30BaHHM okch^om hpiio. 

11. Cnoci6 4>opMyBaHH* noKpirrra win ctbopchhh TemioBoro 6ap'epy (26) Ha noBepxHi 
KOMnoHeHTa (10), jikhh BKjnonae craaiio 4>opMyBaHHx noicpHTra jjjw cTBopeHH* TenjiOBoro 
6ap'epy (26) npn nioBHmeHift TeMnepaTypi mnaxoM cniBBHnapoByBaHH* KapSoHy Ta 
Temioi30Ji>miHHoro MaTepiany njw TepMOCTa6Lni3aiuY nip (32) y MiKpocTpyioypi 
Tenjioi30JwuiHHoro MaTepiajiy. 

12. Cnoci6 3a n.l 1, kkhh Biapi3HHen>CH thm, mo crania (J)opMyaaHKa BKjnoqae HaHeceHH* 
noKpHTTH jxjm cTBopeHH* TemioBoro 6ap'epy (26) mctoaom ejieiopoHHO-npoMeHeBoi KOHaeHcauii 
3 napoBoY 4>a3H, b xoni kkoi o^HOHacHO BHnapoByiOTb 3jihbok Temioi30JDmiftHoro MaTepiajiy Ta 
apyrHH 3jihbok Kap6oHBMicHoro hh Kap6iziBMicHoro MaTepiajiy. 

13. Cnoci6 3a n.12, *khh Biapi3HHCTbCH thm, mo flpyraft 3jihbok BKJUonae rpa<J>iT. 

14. Cnoci6 3a n.ll, hkhh Biopi3HflCTBCH thm, mo b pe3yjibTaTi CTaaii 4>opMyBaHHfl 
noKpHTTH ww cTBopeHHH TenjiOBoro 6ap'epy (26) Mae MiKpocTpyicrypy 3 nopaMH (32) Ta 
cy63epeHHHMH noBepxH*MH po3flLny ycepeanm i Ha Meac3epeHHHX Me>Kax MiKpocrpyierypH Ta 

nOMi>K HHMH, npHHOMy nopH (32) yTBOpK)K)TI> Bi^KpHTy nOpHCTiCTS y nOKpHTTi JJJUl CTBOpeHHH 

TenjiOBoro 6ap'epy (26), nica cKJiamae moHaftMeHiue 25 o6*eMHHx BiacoTKiB noKpniTH mix 
cTBopeHH* TenjiOBoro 6ap'epy (26), npHHaftMHi fleaiei 3 nip (32) MicTHTb ejieMeHTapHHft Kap6oH 



Ta/a6o Kap6oHBMicHHH ra3, i ejieMem:apHHH Kap6oH Ta/a6o Kap6oHBMicHHH ra3 npHcyTHi b 
KmbKocri, AOCTaTHiii wir TepMOCTa6uii3auu MiKpocTpyioypH Tenjioi30JumiHHoro MaTepiany. 

15. Cnoci6 3a n.14, hkhh Biflpi3H*en>CH thm, mo npHHaHMHi aeaKi 3 nip (32) 3axonjnoioTb 

Hep03HHHHHH TO, ITpHHOMy nopH (32), mO MiCTHTb Hep03HHHHHH ra3, e CTiHKHMH no cniKaHHH, 

yKpymieHHa nip Ta nepepo3no^iny nip 3a po3MipoM. 

16. Cnoci6 3a n.14, hkhh Biflpi3HHen>CH thm, mo aoaaTKOBo BKJiionae cra^iio HarpiBaHH* 
noKpHTTH ffjm cTBopeaiw TenjiOBoro 6ap'epy (26) no TeMnepaTypn, aoctethboY juix BH^ijieHH* 
Kap6oHBMicHoro ra3y 3 ejieMemrapHoro Kap6oHy Ta qacncoBoro cniKaHH* Tenjioi30JwuiftHoro 
MaTepiany 3aKpHTTH npHHaHMHi jxcxkhx 3 nip (32). 

17. Cnoci6 3a n.16, hkhh Biapi3H*CTi>CH thm, mo craaia HarpiBaHH* npoBo.zmTi.cfl npn 
TeMnepaiypi npHHaHMHi 950 °C. 

18. Cnoci6 3a n.14, hkhh Biapi3HHCTBCH thm, mo aoaaTKOBO BKjnonae cranio HarpiBaHH* 
noKpHTTH ju& cTBopeHHH TenjiOBoro 6ap'epy (26) ao TeMnepaTypH, flocTaTmoi jum bhjxuiqhhsi 
Kap6oHBMicHoro ra3y 3 eaeMeHTapHoro Kap6oHy Ta yTBOpeHHH jiojxbtkobhx nip (32), aid 
3axomnoiOTs Kap6oHBMicHHH ra3. 

19. Cnoci6 3a n.18, hkhh Biapi3HH€T£>CH thm, mo CTaju* HarpiBaHH* npHBo,mrn>cfl npn 
TeMnepaiypi npHHaHMHi 950 °C. 

20. Cnoci6 3a n.ll, hkhh Bmpi3HfleTBCH thm, mo Tenjioi30JwuiHHHH MaTepian e okchzjom 
unpKOHiio, CTa6uii30BaHHM okch^om hpiio, a noKpHTTH juix CTBopeHHH TeruiOBoro Gap'epy (26) 
BianoHae cTOBnnacTi 3epHa (30). 

21. Cnoci6 c^opMyBaHHH noicpHTDi jjjw crBopeHH* TeaaoBoro 6ap*epy (26) Ha noBepxHi 
KOMnoHeHTa (10), hkhh Bmnonae crami: 

HaHeccHHH noKpHTTH jjjm CTBopCHHH TenjiOBoro 6ap'epy (26) Ha noBepxHio KOMnoHeHTa 
(10), npHHOMy noKpHTTH juix CTBOpeHHH TenjiOBoro 6ap'epy (26) Mae MiKpocnpyKTypy 3 nopaMH 
(32) Ta cy63epeHHHMH noBepxHHMH po3fliJiy ycepe^HHi i Ha MeacjepeHHHX Mencax MiKpocrpyKTypH 

Ta nOMI>K HHMH, 
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npoconeHH* noKpHTTH jxjix cTBopeHH* TenjiOBoro 6ap'epy (26) rasoM, Hepo3HHHHHM y 
Tenjioi30JiauiHHOMy MaTepiajii, i 

HaipiBaHHH noicpHTTH wx CTBopeHHH TeanoBoro 6ap'epy (26) 3aK P Hrra npHHafiMHi 
nexKux 3 nip (32) Ta 3axonjieHH* Hepo3HHHHoro ra3y y 3aKpHTHx nopax (32). 

22. Cnoci6 3a n.21, hkhh Biapi3HHen>c>i thm, mo hcpo3hhhhhh ra3 e moHafiMeHuie oahhm 
rasoM, o6paHHM 3 rpynH, mo CKJiaaaerbca 3 MOHOOKcnay Kap6oHy, flioKCHfly Kap6oHy, zuoKCH^y 
cyjit(})ypy, a30Ty Ta aproHy. 

23. Cnoci6 3a n.21, skhh Bmpi3H*€TBca thm, mo craai* HaHeceHH* 3,zuficHio€Tbca mcto^om 
ejieKTpoHHo-npoMeHeBoi KOHj^eHcauiY 3 napoBoi 4>a3H. 

24. Cnoci6 3a n.21, *khh Binpi3HH€TbCK thm, mo crania HarpiBaHH* npOBO^HTLCH npn 
TeMnepaTypi npHHafiMHi 950 °C. 



25. Cnoci6 3a n.21, *khh Biapi3HHerbca thm, mo Teiwoi30JiamfiHHH MaTepiaji e okch^om 
impKOHiio, CTa6uii30BaHHM okchaom iTpiio, a noKpHTni CTBopeHRa TenjiOBoro 6ap'epy (26) 
BKjnonae CTOBnnacTi 3epHa (30). 

26. IIoKpHTTH jum CTBopeHHH TenjiOBoro 6ap'epy (26) Ha noBepxHi KOMnoHeHTa (10), aice 
BKjnonae TenjiobojMuifiHHH MaTepiaji, mo Micron, ejieMeirrapHHH Kap6oH Ta/a6o ra3, 
Hepo3HHHHHH b Teiuioi30JiaiufiHOMy MaTepiajii, nprnoMy ejieMeHTapHHH Kap6oH Ta/a6o 
Hepo3TOHHHfi ra3 3HaxoAHTbc* b nopax (32), p03TaniOBaHHx ycepczmHi 3epeH i Ha MeacsepeHHHx 
Me^cax Tenjioi30Ji«niHHoro MaTepiajiy Ta noMDK hhmh, a KUiticicTB eJieMeHTapHoro Kap6oHy Ta/a6o 
Hepo3HHHHoro ra3y ^ocra™* juia TepMOCTa6wi3auu MiKpocrpyiaypH TemicmojDmifiHoro 
MaTepiajiy. 

27. FIoKpHTTH jsjm CTBopeHwi TenjiOBoro 6ap'epy (26) 3a n.26, nice Bi;xpi3Hsen>ca thm, mo 
npHHafiMHi fleaiei 3 nip (32) Micron* ejieMeHTapHHfi Kap6oH. 

28. FIoKpHTTH win CTBopeHHH TeruiOBoro 6ap'epy (26) 3a n.26, nice Bi;ipi3HaeTbc* thm, mo 
npHHafiMHi fle*Ki 3 nip (32) 3axoruifOK>Tb Hepo3HHHHHfi ra3. 



29. rioKpHTTH nw CTBopeHFW TeiuioBoro 6ap'epy (26) sa n.28, hkc BiflpisHHCTbca thm, mo 

Hep03HHHHHH ra3 € IIXOHHHMCHIIie OflHHM ra30M, 06p3HMM 3 rpynH, UXO CKJiaj^aCTbCH 3 MOHOOKCHJEiy 

Kap6oHy, ^ioKCiioy Kap6oHy, flioKCHfly cyjn><f>ypy, a30Ty Ta aproHy. 

30. rioKpHTTH juul CTBopeHHH TeiuioBoro 6ap'epy (26) 3a n.26, ane Bwpi3HH€Tbca thm, mo 
npHHafiMHi j&HKi 3 nip (32) Micnm* ejieMeHTapHHH Kap6oH, a npHHaHMHi nexKi 3 nip (32) 

3axOriJIIOIOTI> Hep03HH HHMH ra3, npHHOMy Hep03HHHHHH ra3 € Kap60HBMiCHHM ra30M. 

31. IIoKpHTT^ jwsi crBopeHHH TeiuioBoro 6ap'epy (26) 3a n.26, hkc Bmpi3HaeTB>cH thm, mo 
MiKpocrpyKTypa noKpHTro njix CTBopeHHH TenjioBoro 6ap'epy (26) BKjnonae CTOBnHacri 3epHa 
(30). 

32. IIoKpHTTH ajih CTBOpeHHa Teruiosoro 6ap'epy (26) 3a n.26, *Ke Bi,api3Hflcn>CH thm, mo 
Teruioi30JumiHHHH MaTepiaji e nepeBaacHo okch^om mipKomio, CTa6uii30BaHHM okch^om iTpiio. 

33. rioKpHTTH juw CTBopeHHfl TenjioBoro 6ap'epy (26) 3a n.26, >nce Binpi3H*en>c5i thm, mo 
noKpHTTH ajw CTBOpeHHH TeruiOBoro 6ap*epy (26) Mae piBem> buucphtoi nopHCTocri moHaiiMeHuie 
25 o6'€mhhx BiacoTKiB. 

34. IloKpHTTfl jwa CTBopeHHH TenjioBoro 6ap'epy (26) Ha nosepxHi BHroTOBJieHoro 3 
cynepcrmaBy KOMnoHeHTa (10), hkc Bmnonae: 

cnojiyHHe noKpHTro (24) Ha KOMnoHeHTi (10), 

Teiuioi30JiHuiHHHH MaTepiaji, mo Mae CTOBnnacTy MiKpocTpyioypy 3 nopaMH (32) Ta 
cy63epeHHHMH noBepxHHMH po3fliny ycepeflHHi i Ha MeaoepeHHHX Me>Kax MiKpocTpyiaypH Ta 
noMi>K hhmh, npHHOMy npHHafiMHi fleaKi 3 nip (32) Micron, ejieMeHTapHHH Kap6oH Ta/a6o 
Kap6oHBMicHHH ra3 jjjisi npoTH^ii cniKaHHio, yKpynHeHHio 3epeH Ta nepepo3noaijiy nip 3a 
po3MipoM ycepeOTHi Tenjioi30Ji*uiHHoro MaTepiajiy i thm caMHM TepMoera6ijii3yK>Tb 
MiKpocrpyiaypy. 

35. OoKpHTTH juia CTBopeHHH TenjioBoro 6ap'epy (26) 3a n.34, rkg Biapi3H*eTbCH thm, mo 
Tenjioi30jmuiHHHH MaTepiaji e okch^om UHpKomio, cra6ijii30BaHHM okchj^om npiio. 
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36. noKpHTT* ma CTBopeHHH TenjiOBoro Gap'epy (26) 3a n.34, Mice Bmpi3Hflcn>CH thm, mo 
npHHaiiMHi fleaici 3 nip (32) 3axomnoK>Ti> Kap6oHBMicHHH ra3. 



37. rioKpHTTH mix CTBopeHH* TeruioBoro 6ap'epy (26) 3a n.36, nice Bmpi3H*en>ca thm, mo 
3axoruieHHH Kap6oHBMicHHH ra3 c mohookch^om Kap6oHy. 

38. FIoKpHTTH juia CTBopeHHH TenjiOBoro 6ap'cpy (26) 3a n.34, Ake Biflpi3H*crbCH thm, mo 
noKpHTTM sua CTBopeHHH TenjiOBoro 6ap'epy (26) Mae piseHB BuocpHToi nopHCTOcri moHaHMemne 
25 o6*€mhhx BiaconciB. 
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nOKPHTTfl JXJW CTBOPEHHH TEnJIOBOrO EAP'€PY 
TA CnOCIB HOrO 04EP2KAHHH 

Pe4>epar 

rioKpHTT^ zuih CTBopeHHK TeiuioBoro 6ap'epy (I1TB 26) i cnoci6 4>opMyBaHH* nTB (26) Ha 
KOMnoHeHTi (10), nice xapaKTepH3yen>cH CTa6Lni30BaHOK> MiKpocTpyicrypoio, mo e criftKoio no 
pocry 3epeH, cniicaHHa Ta yKpynHemw hh sjihtt* nip nijx nac nepeBHiueHiw po3paxyHKOBoro 
TeMnepaTypHoro peaoiMy. 11 lb (26) Micnrn* eJieMeirrapHHii Kap6oH Ta/a6o Kap6oHBMicHHH ra3, 
mo 36Lnbniye Bejnramy nepsicHoi nopHCTOcri IITE (26) Ta craopioe aoaancOBy 3axpHTy 
nopHCTicTB ycepeflHHi 11Tb (26) nia nac HacrynHoi BHCOKOTCMnepaTypHoI o6p66KH. ITepumH 
motor BKJiionae BBeaeHH* ^pi6HOKpHcrajiiHHoro ejieMeHTapHoro Kap6oHy b MiKpocTpyicrypy IITB 
nuiHXOM BHnapoByBaHiui. JSpyriiH Merofl nonarae b npaMOMy BBeflemri Hepo3HHHHoro ra3y, 
Tanoro xk Kap6oHBMicHHH ra3, no IITB (26), «ce 3Haxo,zmn>ca y cram Ha momcht HaHeceHHH, a 
noTiM qacTKOBOMy cniicaHHi IITB (26) iuw 3axoiuieHH* ray Ta CTBopeHH* TOHKOOTcnepcHoY 
CTa6uiBHoi nopHCTOcri ycepe;mHi nTB (26). 



